Introduction
Scaphoid fractures are a common injury in the upper extremity and the most common fracture of the carpal bones. 1 Scaphoid fractures account for 50% to 80% of carpal fractures in young and active patients. 1 These fractures most commonly occur through the scaphoid waist 2 ; 10% of these fractures progress to nonunion. deteriorating function and degenerative changes. Treatment of scaphoid nonunions has traditionally been performed with autologous bone transplant, including nonvascularized bone grafts, and local versus distant bone flaps. Methods of fixation vary to include screw fixation, Kirschner wires, or internal fixaton without the use of hardware. [10] [11] [12] The Matti-Russe technique is an established method for management of scaphoid nonunions, and it can be simple after a learning curve and inexpensive. This technique was first presented by Hermann Matti in 1937 who introduced the concept of excavating the bone by removing all necrotic bone, cartilage, and fibrous tissue at the fracture site through a dorsal incision and replacing it with a plug of cancellous bone. 10 This technique was modified by Otto Russe in 1960 by adopting a palmar approach, which he believed would be less likely to cause damage to the bloody supply of the scaphoid. 10, 13 Patients generally report high satisfaction rates after undergoing this procedure. 10 Nonetheless, the optimal method of management of scaphoid nonunion remains controversial, and there is a paucity of data regarding optimal management of scaphoid nonunions in the pediatric population.
The introduction of modern methods of fixation with headless compression screws may have led this classic procedure to fall out of favor. In this study, we describe the classic technique and evaluate the results of the Matti-Russe method for treatment of scaphoid nonunions specifically for the pediatric population. The aim of our retrospective study was to evaluate the long-term clinical and radiologic results after scaphoid nonunion surgery using the Matti-Russe technique in pediatric patients.
Methods
A retrospective chart review was performed on all patients treated for scaphoid nonunion with the Matti-Russe technique. Institutional review board approval was obtained. Patients younger than 17 years of age who underwent operative treatment for scaphoid nonunion utilizing the Matti-Russe procedure with no internal fixation with hardware were included in the study. Exclusion criteria were as follows: internal fixation with screw or Kirschner wire, metabolic disorders affecting bone, and revision scaphoid nonunion surgery. All records were reviewed, including hospital charts, imaging studies, and outpatient records. Information gathered included patient demographics, injury mechanism, initial management, surgical procedures, complications, and final follow-up exam. Union was defined as the absence of anatomic snuffbox or scaphoid tubercle tenderness, >50% bridging trabeculae on computed tomography (CT) scan, and no evidence of graft loosening.
14 Intrascaphoid, scapholunate, and radiolunate angles were calculated. The intrascaphoid angle is defined as the angle between perpendiculars of the widest part of the proximal and distal poles in the posteroanterior and lateral planes. The scapholunate angle is defined as the angle created between the longitudinal axes of the scaphoid and lunate bones. The radiolunate angle is defined as the angle between the longitudinal axes of the radius and the lunate (Figure 1 ). Postoperative outcomes measures were offered to patients at final follow-up. The Mayo wrist score and the Disabilities of the Arm, Shoulder and Hand (DASH) scores were used. Univariate analyses were performed in SPSS. Statistical significance was defined as P < .05.
Surgical Technique
A volar hockey-stick approach between the flexor carpi radialis tendon and the radial artery was used. The capsule was incised obliquely and the scaphoid was identified. The pseudarthrosis was exposed. The fibrous tissue and sclerotic bone were excised. During this step, it is vital not to break the volar cortex, only a small volar rectangular window on the proximal and distal scaphoid fragments was created to facilitate graft insert. Given a humpback deformity present in the scaphoid, which occurs due to volar collapse at the fracture site resulting in flexion deformity, structural iliac crest corticocancellous bone graft was used to correct the malalignment. To harvest the iliac crest autograft, an incision was made parallel to the iliac crest, beginning 3 cm posterior to the anterior superior iliac spine to avoid the lateral femoral cutaneous nerve. Using an osteotome, a piece of corticocancellous graft was obtained measuring at least 2 cm in length. The graft was molded and shaped with the use of small rongeur and fine osteotomes to fit the defect created ( Figure 2 ). To facilitate graft placement, the authors find it beneficial to insert the graft in the proximal pole first and then hyperextend and traction the wrist followed by flexion with concomitant pressure on the graft from volar to dorsal, inserting the graft in the defect created on the distal scaphoid fragment. The wrist is then flexed to press fit the bone graft inside the scaphoid. This is demonstrated in Figure 3 . A small freer elevator can be used but care should be taken not to disrupt the volar cortex during graft insertion. It is also better to attempt placing the cortical portion of the graft on the volar ulnar direction to keep the correction of the humpback deformity. Once the graft is placed, the wrist is taken through a range of motion (ROM) to confirm synchronous movement between the proximal and distal scaphoid with the corticocancellous bone graft bridging the 2 scaphoid fragments, seen in Video 1. Additional cancellous bone graft can be used promote osseous integration.
All patients were treated with the same postoperative protocol, which consisted of 2 weeks of thumb spica splint immobilization, 6 weeks of thumb spica cast immobilization, and then 6 weeks of removable brace with active and passive ROM exercises. At 3 months, patients were advanced to strengthening and at 4 months were released for full sports activities.
Results
There were a total of 10 patients with an average age of 14.7 years old (±1.34, range: 13-17 years old). There were 9 males and 1 female. The amount of time to surgery from date of injury was on average 12.3 months (range: 6-54 months). There was an average follow-up of 13 months. The amount of immobilization was on average 2.5 months (±0.25, range: 2-3.5 months). All patients were right-hand dominant, with 3 fractures occurring on the left and 7 on the right. In terms of mechanism of injury, 5 were due to sports and 5 due to falls. All 10 fracture nonunions were of the scaphoid waist and treated with the Matti-Russe technique with an iliac crest bone graft and no internal fixation with hardware. Radiographic union was observed in all the fractures. This was evidenced by radiographs showing signs of bone healing. In addition, CT was obtained in 7 of the 10 patients and all of then showed signs of union with bony HAND 14 (1) bridging in at least 50% of the scaphoid width in 3 different views. Average time to healing was 3 months (±0.25). The mean preoperative intrascaphoid angle was 29° (±5.38), scapholunate angle was 62° (±18.28), and radiolunate angle was 20° (±9.22). The mean postoperative intrascaphoid angle was 16° (±6.89), scapholunate angle was 38° (±8.50), and radiolunate angle was 10° (±4.69), which showed significant improvement from preoperative mean values (P < .05) (Figure 4 and Figure 5 ). All patients were found to have functional wrist ROM at final follow-up. The mean wrist extension at final follow-up was 59° and mean wrist flexion was 69° (Figure 6 ). There were no postoperative complications observed in this study or reoperations. At final follow-up, no patients reported pain at the iliac crest donor site. Seven out of 10 patients completed postoperative outcomes measures. The average postoperative Mayo wrist score was 87.9 (±14.10, range: 60-100). The average postoperative DASH score was 1.9 (±2.03, range: 0-4.5).
Discussion
The Matti-Russe technique is a viable method of treatment of scaphoid nonunion, as it utilizes autologous bone graft and does not require internal fixation with hardware. Recently, Pinder et al performed a systematic review on the treatment of scaphoid nonunion and found that of the 1602 patients treated, only 83 patients (5%) were treated with no internal fixation. 11 This could be due to improvement of micro screws or due to the lack of surgeon experience with a technique that does not require fixation. Our impression is that the Matti-Russe has fallen out of popularity due to its need for prolonged immobilization. However, the patients in our study population experienced return of functional ROM despite 8 weeks of immobilization, with mean wrist extension at final follow-up was 59° and mean wrist flexion was 69°. We find that, if performed meticulously, the MattiRusse procedure can provide favorable results. If one takes care to correct the scaphoid malalignment, perform a thorough debridement of fibrous tissue and necrotic bone, and sculpt bone graft that intrinsically remains stable, this technique can be successful without the need for fixation with screw. 15 There are many advantages attributed to the use of the Matti-Russe technique. First, there is no need for fixation with hardware. Thus, there is no potential for hardware irritation, which obviates the need for a secondary procedure for hardware removal. Another advantage is the ability to correct the dorsal intercalated scaphoid instability deformity commonly seen with scaphoid waist nonunion. Furthermore, due to the absence of internal fixation, the joints surrounding the scaphoid are not compromised as we can see with the screw insertion, where the scaphotrapezial or scapholunate joints are violated (depending if you are using volar or dorsally based approaches, respectively). Finally, there is no external hardware such as seen with the Kirschner wire technique, which leads to a decreased risk of infection.
In this particular study, no postoperative complications or surgical site infections were observed.
Nonetheless, this procedure is not without its disadvantages. It can be technically challenging and requires a learning curve. Extreme caution, care, and precision must be taken to avoid disruption of the volar cortex of the scaphoid or breakage of the graft. In addition, this technique relies on prolonged immobilization to allow the graft to fully integrate and provide the opportunity for the scaphoid nonunion to heal. This prolonged immobilization can, in turn, lead to stiffness. Yet, it is our experience that stiffness in the pediatric population generally resolves (see Figure 5 ). In our study, all patients were found to have functional wrist ROM at final follow-up. Last, there is donor site morbidity associated with harvesting iliac crest bone and risk of injury to the lateral femoral cutaneous nerve. However, at final followup in our study, no patients reported pain at the donor site.
The optimal management of scaphoid nonunion remains controversial. A recent systematic review article by Pinder et al concluded that current evidence does not demonstrate a significantly superior method for the treatment of scaphoid nonunion. 11 A review article by Rhee et al was not able to recommend a treatment method for scaphoid nonunions and was only able to provide Grade C recommendations (poor-quality evidence). 12 Reigstad et al retrospectively reviewed 50 patients who were treated with open reduction and internal fixation, with the majority also receiving a bone graft. They found that this intervention provided longterm pain relief, excellent wrist function, and slowed progression of the degenerative changes. 16 Waters and Stewart treated 3 patients with scaphoid nonunions with vascularized bone graft from the distal radius and a smooth wire, with patients having successful union and good functional outcomes. 17 Mintzer and Waters treated 13 scaphoid nonunions in the pediatric population, 4 with the Matti-Russe technique and 9 with Herbert screw fixation, all of which were supplemented by iliac crest autograft. They found that the length of time for postoperative immobilization was significantly decreased with the use of the Herbert screw. They also concluded that return to activity and sports in this active age group occurs more rapidly with solid fixation and early healing. 18 Our study found that all 10 of the patients who underwent the Matti-Russe procedure for scaphoid nonunion experienced healing and no further nonunions were noted. We also found optimal outcomes measures with an average Mayo wrist score of 88 and an average DASH score of 1.9. This implies that patients were able to have good function with limited disability.
Our study is not without limitations. First, it is a retrospective review, which has its pitfalls. The information obtained for the study was based solely on chart review and relies on the accuracy of the initial documentation. Our follow-up was limited to that available from the chart. As such, this study did not have long-term follow-up, although all patients were followed until healing and the average follow-up was 13 months. Because this technique is performed relatively infrequently, the study had a small sample size of 10 patients. Future studies with a larger sample size would be beneficial. We were also only able to obtain 7 out of 10 Mayo and DASH scores.
In conclusion, we find that the use of the Matti-Russe technique with iliac crest bone autograft in the treatment of pediatric scaphoid waist nonunion is a reliable option in the armamentarium. This technique for treatment of scaphoid nonunion is a safe and effective treatment, specifically in the pediatric population. It facilitates scaphoid union without the need for internal fixation with hardware. We have observed successful results with minimal complications.
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